Abstract
Introduction
Projectile fragmentation has traditionally been thought to be a two-step reaction with excitation via collision with the target and fragmentation of the excited projectile. In this framework, the influence of the mass and charge of the target nucleus on the projectile fragmentation is the question of interest. Recent experiments have shown that the properties of the target nucleus may affect the projectile fragmentation in different ways. Charity et al. report the influence of the repulsive Coulomb field of the target on the kinematic properties of emitted charged particles [1] . Several studies report the emission of fragments from the neutron-rich neck region between the projectile and neutron rich target nucleus [2, 3, 4] . The influence of isospin equilibration on the reaction dynamics was studied in the work of de Souza et al. [5] where it has been shown that if isospin equilibration is allowed to occur the nucleon exchange is regulated by the potential energy surface. The influence of isospin on the cooling of the interacting system by 1 emission of fast nucleons was observed in the multifragmentation of 112 Sn + 112 Sn and 124 Sn + 124 Sn [6] .
In the current study we present a continuation of our previous work on projectile multifragmentation of 28 Si beam in reaction with 112 Sn and 124 Sn targets [7] . We will use the events consisting of isotopically identified fragments from the reactions of 28 Si + 112 Sn and 124 Sn at 30 and 50 MeV/nucleon in order to study the nucleon exchange that takes place during the interaction of projectile and target and the effect this has on the resulting fragmentation. The difference of N/Z ratios for different Sn isotopes used as targets is significant enough to permit the study of the influence of neutron enhancement on the production and multifragmentation of projectile like reaction products. The study is divided into several sections. Subsequently, we present a short description of the experimental setup, discussion of the nucleon exchange ( dissipation ) mechanism, divided into an analysis of the experimental observables of quasiprojectile and their comparison to the results of simulations, and a discussion of multifragmentation of excited quasiprojectiles. In the last section a short summary will be presented.
Experiment
The experiment was done with a beam of 28 Si impinging on ∼1 mg/cm 2 self supporting 112,124 Sn targets. The beam was delivered at 30 and 50 MeV/nucleon by the K500 superconducting cyclotron at the Cyclotron Institute of Texas A&M University. The detector setup [8] was composed of an arrangement of 68 silicon -CsI(Tl) telescopes covering polar angles from 2.3
• to 33.6
• in the laboratory system. Each element is composed of a 300µm surface barrier silicon detector followed by a 3cm CsI(Tl) crystal. The detectors are arranged in five concentric rings. The geometrical efficiency is approximately 90% for covered angle range. These detectors allow isotopic identification of light charged particles and intermediate-mass fragments up to a charge of Z f = 5. The energy thresholds are determined by the energy needed to punch through the 300µm silicon detector. These energy thresholds have little effect on the acceptance of particles from the fragmenting projectile, especially at 50 MeV/nucleon, due to the boost from the beam energy. A more detailed description of the experimental procedure and detector calibration can be found in ref. [7] . Additional silicon telescopes complemented the forward array in the setup. A telescope consisting of a 53µm silicon, 147µm silicon strip(16 strips) and a 994µm silicon was placed at 40
• in the laboratory. The 53µm and 994µm silicons had an active area of 5cm × 5cm and were divided in four quadrants. This telescope covered the polar angle from 42.5
• to 82.2
• degrees. Another silicon telescope was placed at 135
• in the lab, covering polar angles from 123
• to 147
• . It was composed of two 5cm×5cm active area silicon detectors of thickness 135µm and 993µm respectively. A 2cm thick CsI(Tl) read out via a photo-diode was placed behind both silicon pairs.
In the present study we restrict ourselves to the events where all emitted fragments are isotopically identified. The total charge of quasiprojectile ( QP ) is restricted to the values near to the charge of projectile Z tot = 12 − 15. This highly exclusive set of data contains information on fragmentation of highly excited projectile-like prefragments and thus can be used for the study of the mechanism of dissipation of kinetic energy of relative motion into thermal degrees of freedom.
Nucleon exchange
Nucleon exchange is supposed to be a highly effective mechanism of dissipation of the kinetic energy of relative motion of projectile and target into their internal degrees of freedom. In this section we present an overview of experimental observables of reconstructed quasiprojectile and results of simulations using model assumptions about nucleon exchange and quasiprojectile deexcitation.
Experimental observables
In order to identify an emitting source from which the detected fragments originate, we reconstructed the velocity distributions of quasiprojectiles with total charge Z tot = 12 − 15 for the set of events where all emitted fragments are isotopically identified. Resulting velocity distributions for projectile energies 30 and 50 MeV/nucleon are given on Fig. 1a ,b. Solid squares represent reaction with 112 Sn target and open squares reaction with 124 Sn. For a given projectile energy the mean velocities and widths of distributions are practically identical for both targets. The shapes of velocity distributions are close to Gaussians ( Gaussian fits are given as solid lines, logarithmic scale is used in order to show the quality of overall agreement ). Velocity distributions are symmetric and no significant low or high energy tails are observed. Thus, the reconstructed quasiprojectiles appear to originate from one source and no significant admixture from midvelocity emission is observed. The mean velocities of the sources are somewhat lower than the velocity of the beam ( indicated by arrows ), what indicates the role of interaction between projectile and target nuclei leading to the damping of kinetic energy into internal degrees of freedom.
Useful experimental information about nucleon exchange rate can be found in the events where the charge of the reconstructed quasiprojectile is equal to the charge of incident beam ( Z tot = 14 ). In this case isospin equilibration may occur only by the transfer of neutrons and the number of transferred neutrons is the only available isospin degree of freedom of the system. Since the neutron number of the reconstructed quasiprojectile is just the sum of neutrons bound in the fragments with non zero charge, we define the principal neutron exchange observable as the mass change by subtracting the sum of the neutrons bound in the detected fragments from the neutron number of the beam
where N proj = 14 for 28 Si beam. A positive value of this observable means that the neutron number of the reconstructed quasiprojectile is lower than the neutron number of the projectile and one or more projectile neutrons have been lost by transfer to the target nucleus or by emission in the fragmentation stage or by combination of both processes. A positive value of ∆A may be obtained also in the collision where the transfer of one or more neutrons from the target to the projectile occurs but later a larger number of neutrons is emitted. Finally, the negative value of ∆A means that the neutron flow from target to projectile is stronger than emission.
The resulting distributions of the mass change for both projectile energies and target isotopes are shown in the Fig. 2a,b ( 112 Sn -solid circles, 124 Sn -open circles ). The mass change depends on both the target nucleus and the beam energy. For both projectile energies the mass change is larger for the reaction with the 112 Sn target by a little more than half a unit ( 0.60 for 30 MeV/nucleon and 0.65 for 50 MeV/nucleon, see Table 1 ). Therefore, there could either be more neutrons transferred from the target to the projectile during the interaction with the 124 Sn target, or there could be more neutrons emitted from the quasiprojectile that interacted with the 112 Sn target, or more neutrons could be transferred from the projectile to the 112 Sn target. The relative importance of the different processes may be deduced from the sign of mean values of ∆A distributions. As one can see in Table 1 , they are positive in all cases. Since the expected direction of neutron flow is from target to projectile in order to achieve isospin equilibrium of the interacting dinuclear system, especially in the case of neutron rich 124 Sn target the positive mean values of ∆A give evidence of strong influence of neutron emission on the final neutron content of the quasiprojectile. Indeed, when comparing mean values of the mass change for the reactions with the same target nucleus at different projectile energies, the mean mass change increases significantly with an increase of beam energy from 30 to 50 MeV/nucleon ( 0.73 for 112 Sn and 0.68 for 124 Sn ). When looking at the shapes of experimental ∆A distributions it is apparent that they are almost identical for different targets at the same projectile energy and are close to ideal Gaussians. Their relative shift is given by the mean values discussed above. The width of the ∆A distributions increases slightly ( see Table 1 ) with increasing projectile energy. The Gaussian shapes of ∆A distributions may be understood as an additional argument for the presence of the nucleon exchange in the early stage of reaction because they resemble the predictions of the theory of deep inelastic transfer ( DIT ) [9, 10] . Within this theoretical concept, Gaussian shapes of mass and charge distributions are obtained as solutions of transport ( e.g. Fokker-Planck ) equations for the mass and charge degrees of freedom. Thus, the experimental mean values and shapes of the distributions of mass change suggest the general picture where the mass change is a combination of the number of neutrons transferred either from projectile to target or from target to projectile during the interaction phase of the reaction and of the number of neutrons emitted from the quasiprojectile, excited by the dissipation of kinetic energy of relative motion in the process of nucleon exchange. The apparent charged particle excitation of the quasiprojectile may be reconstructed for every projectile fragmentation event from the energy balance in the center of mass frame of quasiprojectile
where T
QP f
is the kinetic energy of fragment in the reference frame of quasiprojectile and ∆m f and ∆m QP are the mass excesses of the fragment and quasiprojectile, respectively. Even if emitted neutrons are not included in this observable, for the light fragmenting systems, where the neutron emission caused by neutron excess is not expected to dominate, it may be useful for relative comparison of the excitation energy of the fragmenting source at the end of dynamic evolution of the projectile-target system. The distributions of apparent quasiprojectile excitation energies reconstructed from fully isotopically resolved events are shown in Fig. 3a . Mean values of apparent quasiprojectile excitation energies do not differ significantly for different targets at the same projectile energy and increase with the increasing projectile energy ( see Table 1 ).
Similar mean values of the excitation energy of reconstructed quasiprojectiles for different targets at the same projectile energy suggest similar time evolution of the dissipating system. Nevertheless, it is difficult to formulate model independent conclusions about the evolution of isospin degrees of freedom since our data do not include emitted neutrons. Even if it is reasonable to expect significant differences in the partial probabilities of neutron and proton transfer which are strongly influenced by isospin of target, this influence may be balanced by the influence of quasiprojectile isospin on neutron emission.
The shapes of the excitation energy distributions exhibit strong threshold behavior in the low energy part and a fast decrease in the high energy part which makes them quite narrow. They are slightly asymmetric with excess of the yield in the high energy part. The threshold like behavior may be explained by the existence of energy thresholds for the deexcitation channels with emission of fragments with Z f ≤ 5. Indeed, the low energy threshold behavior does not change dramatically with increasing projectile energy. On the other hand, the high energy part may be influenced by different factors. Generally, it should be affected by the decreasing production cross section of still more highly excited quasiprojectile. However, it may be influenced by the decrease of detection efficiency of FAUST in the case of multifragmentation events with higher multiplicity and larger transverse momentum. When comparing the shapes of excitation energy distributions at different projectile energies, low energy part is analogous at both projectile energies and the range of excitation energies to which high energy part extends increases with projectile energy, thereby increasing the widths of quasiprojectile excitation energy distributions.
In order to estimate the influence of the target multifragmentation on the multiplicity of charged particles, detected at forward angles, we used the charged particle telescopes positioned at backward angles for the measurement of spectra of charged particles measured in coincidence with the quasiprojectiles with total charge Z tot = 12 − 15 where all emitted fragments are isotopically identified. The measured yields of charged particles were low ( typically from several tens to few hundreds of particles per detector ). The multiplicities of charged particles have been approximately two times higher for the target nucleus 112 Sn than for 124 Sn, what may be explained by its lower N/Z ratio. The low multiplicity of coincident charged particles implies that the deexcitation of quasitarget is dominated by the emission of neutrons, which are not detected in our experiment. Even if the measured spectra could not be used for the estimate of slope temperature, we roughly estimated the temperature of quasitarget. For the ideal Maxwellian spectra, the mean value of kinetic energy of the particle above corresponding Coulomb barrier is twice the temperature. Assuming ideal Maxwellian shape of the spectra of protons, detected at backward angles in coincidence with quasiprojectiles, we estimated the temperatures of the quasitarget. The values of temperature ranged from 3 to 3.5 MeV for both targets and projectile energies.
Simulations
Experimental distributions of quasiprojectile observables presented above suggest the explanation by an interplay of nucleon exchange in the early stage, leading to partial isospin equilibrium and excitation of quasiprojectile, with the emission from the highly excited quasiprojectile. Nevertheless, especially since we do not detect emitted neutrons and in order to make more detailed conclusions about the evolution of interacting system, it is of interest to carry out a comparison of experimental observables to the results of simulations. The simulation should, along with model calculations of reaction dynamics, include the software replica of the FAUST multidetector array ( filter routine ). For the model description to be considered as adequate we require both the ∆A and E * app to be reproduced optimally for different targets, projectile energies and subsets of data. With this aim, we carried out the simulations described in this subsection.
The basic assumption on which the simulation is based is the possibility to decompose the collision into two stages occurring on different time scales. In the early stage of the collision hot quasiprojectiles are created which deexcite afterwards by statistical decay. For the description of production of excited quasiprojectiles we used the Monte Carlo code of Tassan-Got et al. [11] . This code implements a version of the model of deep inelastic transfer suitable for simulations using Monte Carlo technique. For each event, the system evolution is determined by random transfers of nucleons both from projectile to target and vice versa through the open window between nuclei. For each transfer, the internal and relative velocities are coupled. Even if the traditional domain of deep inelastic transfer lies at energies not exceeding 20 MeV/nucleon, the comparison of calculated and experimental fragment energy and mass distributions given by authors in ref. [11] seems to give reasonable agreement up to projectile energies 50 MeV/nucleon when including the effect of fragment deexcitation. The parameters of the model have been identical to the parameters used in the original work [11] . The number of events generated at a given angular momentum was proportional to the geometrical cross section for a given partial wave. Mean values and widths of the quasiprojectile excitation energy, mass and charge distributions of generated events with intrinsic excitation of the quasiprojectile higher than 35 Table 2 : Mean values and widths of quasiprojectile excitation energy, mass and charge distributions simulated using the model of deep inelastic transfer [11] . Only excited quasiprojectiles with Z QP = 12 -15 and intrinsic excitation higher than 35 MeV are included. MeV and Z QP = 12 -15 are given in Table 2 . At both projectile energies, the effect of the heavier target with a larger neutron number appears in the larger number of transferred neutrons from the target to the projectile. Heavier target with a larger neutron number also causes stronger proton flow from projectile to target. This behavior is caused by evolution towards isospin equilibrium between projectile and target and is in qualitative agreement with experimental trends. Mean excitation energies of the simulated quasiprojectiles are comparable to experimental values for similar set of data ( Z tot = 12 − 15 ) in the Table 1 and exhibit the same trends at respective beam energies and target nuclei. The widths of simulated inclusive excitation energy distributions are larger than in the case of experimental data.
The simulated mean excitation energies of target were slightly higher than 1 MeV/nucleon for the projectile energy of 30 MeV/nucleon. At projectile energy 50 MeV/nucleon they reached 1.5 MeV/nucleon. The corresponding temperatures obtained using commonly used formula T = (E * /ã) 1/2 are in reasonable agreement with the estimated temperature of target between 3 and 3.5 MeV, when assuming the asymptotic value of level density parameterã = A/9. At these temperatures, the emission of neutrons may be expected to be the dominating deexcitation channel for the nuclei with the mass and change close to target.
In general, the concept of deep inelastic transfer describes reasonably the early stage of collisions investigated in the present experiment and, when combined with a realistic deexcitation model, it may provide a good general description of the reaction mechanism. Since the mean values of excitation energies per nucleon are well above 3 MeV/nucleon at both projectile energies, we simulated the deexcitation of highly excited quasiprojectile using the statistical multifragmentation model ( SMM ) [12] . The macrocanonical partitions of hot fragments were generated for individual events. For the hot fragments emitted from the quasiprojectile a multiparticle Coulomb tracking was applied. The final partition of cold fragments was obtained by deexcitation of hot fragments via Fermi decay and particle emission. The quasiprojectile event sequences generated by DIT code of Tassan-Got [11] have been used as the input of SMM simulations. The target deexcitation was not taken into account as a contributing source of the charged particles at the forward angles.
In order to avoid simulation of events not contributing to experimentally measured data, we employed restrictions on the kinetic and excitation energy of quasiprojectiles. Only events where quasiprojectiles satisfied relation sin θ lim = > is mean value of fragment momentum in quasiprojectile center of mass frame, < p Lab f || > is the mean value of the component of the fragment momentum in laboratory frame parallel to the beam axis and E Lab kinQP is the kinetic energy of quasiprojectile in laboratory frame. The initial nuclear density of the fragmenting quasiprojectile was equal to the equilibrium nuclear density. The SMM events with Z f ≤ 5 were filtered by the FAUST software replica which simulates the geometrical coverage of FAUST and energy thresholds of telescopes for given fragment mass and charge. The results of the simulation are shown in Figs. 4,5. Simulated distributions of the mass change for fully isotopically resolved events with Z tot = 14 ( solid lines ) are plotted in Fig. 4 ( solid circles represent experimental data ). Simulated distributions were normalized to the number of experimental events with Z tot = 14. The agreement of the experimental and simulated distributions of the mass change is quite good. In Fig. 5 are shown simulated distributions of the apparent quasiprojectile excitation energy for both Z tot = 14 and Z tot = 12−15 ( solid histograms labeled as A and B respectively ) along with experimental data ( solid circles and squares respectively ). The simulated data have been normalized to the sum of experimental events with Z tot = 12−15. The agreement of the simulated and experimental apparent quasiprojectile excitation energy distributions with both Z tot = 12 − 15 and Z tot = 14 is quite good. Simulation normalized to the experimental data with Z tot = 12 − 15 also correctly reproduces the observables of the subset of data with Z tot = 14. The onset of multifragmentation into channels with Z f ≤ 5 in the low energy part is described with good precision for both sets of data Z tot = 12 − 15 and Z tot = 14.
Overall agreement in Figs T ) + 1 fm. When taking r 0 = 1.12 fm , corresponding to half-density radii, the R 12 equals 9.8 and 10.0 fm for 112 Sn and 124 Sn, respectively. The estimated range of contributing impact parameters means that projectile and target nuclei overlap only partially and the collisions are peripheral. This conclusion is consistent with the model assumptions of the used model of deep inelastic transfer where only slow radial relative motion of the projectile and target is assumed.
Using the backtracing procedure we estimated the mean multiplicity of emitted neutrons. Mean values of the multiplicity of emitted neutrons are 0.9 and 1.2 for 112 Sn and 124 Sn targets at projectile energy 30 MeV/nucleon and 1.4 and 1.7 for 112 Sn and 124 Sn targets at projectile energy 50 MeV/nucleon, respectively. The mean values of the multiplicity of emitted neutrons increase with increasing projectile energy and the effect of target neutron content is relatively weak. The estimated multiplicities of emitted neutrons allowed to estimate also the level of isospin equilibration between the projectile and the target after the nucleon exchange stage. We found the mean values of N/Z ratio of the backtraced excited quasiprojectiles to be 1.04 and 1.12 for 112 Sn and 124 Sn targets at projectile energy 30 MeV/nucleon and 1.03 and 1.11 for 112 Sn and 124 Sn targets at projectile energy 50 MeV/nucleon, respectively. The mean values of N/Z ratio for different projectile energies differ only slightly. The effect of target isospin is much stronger and is similar at both projectile energies. The estimated values of N/Z ratio of hot quasiprojectile are consistent with the simulated mean values of mass and charge of excited quasiprojectiles given in Table 2 .
To summarize this section, we presented an unique set of isotopically resolved projectile multifragmentation data and determined the dominant mechanism of nucleon exchange, but not without using a model assumptions about deexcitation of the excited quasiprojectile. In the next section we will discuss the deexcitation of the quasiprojectile in detail. Table 3 : Mean values of multiplicity, charge, and N/Z ratio of charged fragments, emitted in events where the quasiprojectiles with Z tot = 12 -15 were fully isotopically resolved. Experimental values are compared to the results of simulation. For details of simulation see text. 
Quasiprojectile multifragmentation
In order to obtain fully isotopically resolved event with Z f ≤ 5, the quasiprojectiles with Z tot = 12 − 15 have to disintegrate at minimum into three charged particles. As already shown in Fig. 5 , the simulation is capable to describe correctly the onset of this fragmentation mode and the overall quasiprojectile excitation energy distribution for quasiprojectiles with different charges. The distributions of charged particle multiplicities are presented in Fig. 6 . The experimental charged particle multiplicities are presented for isotopically resolved data with Z tot = 14 ( solid circles ) and Z tot = 12 − 15 ( solid squares ). The simulations are presented as histograms labeled as A ( Z tot = 14 ) and B ( Z tot = 12 − 15 ). The same normalization of simulated to experimental data was used as in Fig. 5 ( the sum of isotopically resolved quasiprojectiles with Z tot = 12 − 15 ). Experimental data in Fig. 6 shows reasonable overall agreement with the results of simulations. The experimental distributions are shifted to somewhat higher values of multiplicity. In the Table 3 are given mean values of fragment multiplicity and fragment charge for both the experiment and simulation. The experimental mean fragment multiplicities are larger than simulated. The difference ranges from 0.2 to 0.6 and is slightly larger in the case of 112 Sn. Experimental mean values ( see Table 3 ) of fragment charge are smaller than simulated, thus counterbalancing a larger fragment number. The fragment charge yields ( see Fig. 7 ) show analogous yields of fragments with Z f = 1, the experimental yield of fragments with Z f = 2 larger than simulated one by about 10 % and the experimental yields of heavier fragments lower than simulated ones. High yield of α-particles may be influenced by the existence of pre-formed α-clusters in the projectile nucleus 28 Si. The data presented applies to isotopically resolved events with Z tot = 12 − 15. A similar distributions for subsets of data with Z tot = 14 give identical results.
Additional understanding of quasiprojectile deexcitation may be obtained from the study of isotopic degrees of freedom. The overall values of N/Z ratio are similar for experiment and simulations ( see Table 3 ). The results of simulation are slightly higher in all cases but the difference is within statistical errors. The situation is significantly different when taking the fragments of different charge separately. In Fig. 8 we present average N/Z ratios for fragments with different charges. The data presented applies to isotopically resolved events with Z tot = 12 − 15. The results for subsets of data with Z tot = 14 are practically identical and are not shown in Fig. 8 . Experimental N/Z ratios show an excess of neutron rich isotopes of fragments with Z f ≥ 3 relative to the simulation, counterbalanced by the stronger dominance of protons among the fragments with Z f = 1. This may point out a higher decay probability of excited neutron deficient quasiprojectiles or hot fragments for the channels with emission of stable charged particles like protons and α-particles. Alternatively, in the case of protons, their relative excess may also be caused by the preequilibrium emission, especially in the case of less neutron rich target 112 Sn. When comparing the sensitivity of experimental N/Z ratios to the neutron content of target at given projectile energy, the N/Z ratios of fragments with Z f = 1 and Z f = 4 show the highest sensitivity. This trend was reported in our previous study where a broader set of data was presented [7] .
In summary, the overall description of experimental data on charged particle multiplicity, charge distributions and isotopic ratios may be considered as reasonable in general. Remaining 8 minor inconsistencies may be attributed to the limitations in model description of quasiprojectile deexcitation and/or to the influence of preequilibrium emission. This inconsistencies, however, do not influence conclusions concerning mechanism of nucleon exchange given in previous section.
Summary
Using the FAUST detector array we obtained a set of fully isotopically resolved projectile multifragmentation events ( Z f ≤ 5 ) from the reactions 28 Si+ 112,124 Sn at projectile energies 30 and 50 MeV/nucleon. We have been able to reconstruct the mass, charge and dynamic observables of the excited quasiprojectile and to study the nucleon exchange between projectile and target. The reconstructed velocity distributions of emitting source have been fitted correctly using one Gaussian source. The admixtures from midrapidity source may be excluded. At a given projectile energy, we observed a strong influence of the target isospin on the mass change of the reconstructed quasiprojectiles with the charge of the beam ( Z tot = 14 ), but no significant influence of the target isospin on the distributions of apparent excitation energy of quasiprojectiles reconstructed using detected charged fragments. Reaction with a heavier target nucleus results in lower average mass change. This may be seen as evidence for partial equilibration of isospin in the early stage of the reaction. On the other hand, in the reactions with the same target the mass change increases with increasing projectile energy. This corresponds to a shift of the distributions of apparent quasiprojectile excitation energies toward higher values. The influence of the target isospin and of the projectile energy on the neutron content of reconstructed quasiprojectiles may be explained by two stage model consisting of nucleon exchange in the early stage of collision leading to production of an excited quasiprojectile which later deexcites.
We reproduced the experimental observables for different subsets of data using simulations consisting of deep inelastic transfer in the early stage followed by prompt quasiprojectile multifragmentation and sequential decay of the hot fragments. The deexcitation of the excited quasitarget and the preequilibrium emission was not taken into account in our simulation. Distributions of the mass change and apparent excitation energy of reconstructed quasiprojectiles have been reproduced with good overall agreement. The charged fragment multiplicities, charge distributions and N/Z ratios for different fragment charges imply lower experimental survival probability of neutron deficient fragments towards decay into stable light charged particles than predicted by the simulation. We observed maximum of sensitivity of N/Z ratios to the target isospin for fragment charge Z f = 1 and Z f = 4. The contributing range of impact parameters was estimated by backtracing of the simulated data ( b = 5 − 7 fm ) and the collisions may be be considered as nearly peripheral. The backtracing of simulated data allowed to estimate the multiplicity of neutrons emitted from the quasiprojectile in the deexcitation stage. The estimated neutron multiplicities allowed further to determine the corresponding level of isospin equilibration between projectile and target after the nucleon exchange stage which strongly depends on target isospin. 
